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Abstract  -- Ocean surface winds, which drive the occ.an
currcn(s and mmncnturn flux c.xchangcs,  arc. cri(ical for
numerous atmospheric and oceanographic studies. Ocean
surface. winds also gcacra(c  small capillary waves which affwl
(IIC  normaliz,cci radar cross scc(icrn (Go) of (IIC  ocean surface.
A scallcromc!cr  is a micrrswavc  radar that measures oc.can
surface O“ values which, in turn, can be used to dc(crlninc  the
driving wind speed and direction (hrcrugh  (1]c inversion of an
empirical model function relating cr” to wind speed and
dire.c(ion. LJllforlunatcly, for a given value of mcasurccl  0°,
there is not a unique wind vcctcrr solution. Mul(iplc oO
n~casurcmcnts of the same occao area using diffcrmt  vicwinp,
~conlc(rics and/or polarizations can bc used to rcducc tl)c
number of possible wind vector solutions.

Scasat-A was Iaunchcd  in 1978 (o perform ~lobal  mappirlp,
of ocean surface wind fields using sca(tcromctry.  l;ollowillF,
[hc succc.ss of the. Scasa(  mission, the NASA Sca[tc.romctcr
(NSCA”l’)  was dcsignc(i and built to hc Iaunchcd on AI)1OS
ir) AugLIsI  of 1996. Wilcr-cas Scasat only mc.asurcd  Go fmn
two ciiffcrcnt  viewing gcomctrics  producing four equally
iikcly wind vector solutions. NSCAI’  will have improvc(i
instmmcn!  skill by measuring @ from three different vicwiap,
F,comcfrics with onc of tile antennas making dLlal-I>olarizatiorl
nlcasurcmc.nts. The NSCAT  configuration provides
ad(iitionai infc)] malion 10 assist in the sclccl ion of a wia(i
vector solution. I’hc process of sclcctirrg  onc of (i]c win(i
VC.CIOI  solutions (o rcprc.sent the. true wind vcc(or is rcfcr[cd 10
as ambiguity removal or dcaliasing.

~’hc ambiguity rcmova]  algorithm currently planned fot
NSCAT utilizes a simple median filter. I;rom  simulations, il
has been dc.tcrmincd that (11c  median fil(cring tcchniquc wili
have an average skili of about 87.6%,, i.e. it wiii select the.
winci vector nearest to ti]c true dircc(ion  about 87.670  of the
time. I“i)c c.rrors remaining in the wind field aflcr ambiguity
removal tend to bc clustcrcd together, span ti~c width of the
swath (600 km), and cx(cnd in the along (rack cijrccticrn for
scvc.ml hundred kilometers. lirrors also tend to produce shatll
(iiscon~inuitics in (1]c rctricvcd wind ficid wilcrc there. arc. no
such discon(inui(ic,s in the true wind flcld. Wc wiil discuss
techniques of ambiguity rcmovai  and outiinc  two nc.w
aigori(hms  which can bc used 10 imimvc ambiguity rcmovai
i~crformancc  wililout tile inciusion of a(iciitional  wind fici(i
ir~forma(ion. ‘i’hc techniques arc applied (o simula(cd NSCAIS
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(iata but can bc g,cncraliz.cd  to other scat(cromctcr instruments
such as Ihc IiRS- 1 and IO-N-2  scatlcromctcrs,  and ScaWinds
to bc ]aunchcd aboard AI)l\OS-li  in 1999.

IN’I’ROIXJC7’ION

A scattcromctcr syslcm indirectly dctcrmincs the speed and
dircc(ion of wind near the oman’s  surface via mcasurcn[cn(s  of
tlJC rmrmaliz.cci radar cross scclion (o”). As wind blows over
(Itc ocean, it crcalcs small ripp]cs on Ihc ocean’s .surfacc.
I’hc.sc ripJ>lcs affccl (hc radar cross section of the ocean
throug,h  rcsonan[ Ilragg scat ter ing [  1]. }impirical mcrdcl
functions have bcc.n dcvclopcd which dcscribc  O“ as a function
of wind speed, relative a?in~u(i]  wind direction, incidcncc
anp,ic,, an(i i}olarization. A scattcromctcr  measures (I]c ocean
surface 00 from  several (ii ffc.rcn[ vic.winr, p,comctrics and/or
poiarimlions. I:or each mcasulcrncnl  of 0°, there is a
continLJous  Curve of pOSSib]C  wind spc.cCi/Ciirccti orl fJairS.
LJsing mrrltiplc mcasurcrncnts of O“ from (iiffcrcnt  az.irnulh
angles and/or i>olariz.ations rcciuccs  lhc set of solutions to a
han(iful of possible wind vectors. In the case of NSCAT,
w’hici]  u(ili~cs three vertically polarized rncasurcnlcnts  at
(ii ffcrcn(  azimuth  angles and onc lmrix.ontally  pc}larizcd
nlcasurcrncnt, lilcrc arc gcncraily  four unique wind vector
solutions for each 50 tiru x 50 km wind vcc(or  cell [2]. The
win(i vccmr  solulions  arc Conlmrrnly mfcr]c.(i  10 as aliases or
ambigui(ics,  arid (hc process of sclcctinp,  onc of lhc vcctcrrs as
the sc)lu(ion vcc(or is rcfcrrc.d  to as (icaliasing or an~higuily
removal.

Miil)IAN I’Ii.l’Iif{lNG

An cffcctivc.  (cchniquc for sclcc(ing a solution vcdor  OUI of
the set of ambigui(ics  for a wind vector CCII  is to usc median
filtering (Ml’) [3]. The rncdian filter SCICC(S the ambiguity
which has the n~inimum sun~nmd  vector diffcrcncc bctwccn
itsctf anti the scicc(cd vectors of (1IC ncighborirrg wind vector
cctis in an NxN rcgirrn. In csscncc, (1IC  median filter selects
tile ambiguity ti]at makes a wind vector ccti “most similar” to
its neighbors. In order to s(ar( the rncdian fil(crjng  process,
an initiai winci flcid must bc chosen. in NSCAT scicncc data
proccssirrg, the initial wind fictd is cictcr]ninc{i by cn~J>loying
a maximum likctihorrd estimator to the ambigui(ics of each
wind vector  ccli. “1’hc ambiguity with (hc higi)cst iikciihoo(i
of being ncarcs( to the true wind (iircction is caliccl the first
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Iankcd  vcclor and is usccl to initialize. the wind vcc(or  cctl.
Once an initial wind field is dctcrmincd by sclc.c[ing I}lc first
ranlmrt vector  from cacb wind vector CCII, the median filter is
l-cpca[cdly applimt  to the wind field until it convcrgc.s.

I’O a ccl-tain extent, [hc median filter imposes continuity on
the wind ficlcl and consequently relics on the first ranticd
vectors generally poin(ing  in the corr’cct  dire.c[ion. A metric
called skill has twcn devised which indicates the pcrcc.nt of
sclcctcd  ambiguities which arc closest to tbc true wind
direction. Simulations indicate that Ihc first skill, i.e. the
skill of tbc. first ranked ambigui(y,  is about 57.8% for
NSCAI’.

‘1’hc.rc  is a tcchniquc, called “nudging,” which uses a mode.]
wind field to select the initial wind vector CCII  directions
rather than simply using the first ranked vectors. This
[cchniquc  tends to improve the overall skill of lhc rctricvcd
wind lic.td. 1 Iowcvcr,  there arc instances in which the model
wind fic.td has missed a feature, such as a cyclone, and
consequently causes systematic dcaliasing  errors in Ibc
rctricvcd wind field. The techniques prc.scntcd  in this paper
arc aimed at dcaliasing scatlcromctcr  data without rclyirrg  on
additional information.

SIMU1  .AlliD NSCAT I)A’1’A

An NSCA3’ simulation, called SupcrSin~,  has been
(icvclopcd at (IIC Jet l’repulsion 1.aboratory. SupcrSiln
silnula[cs  ttlc operation of NSCA’I’  in a highly detailed
fashion including employing orbit propagation algorithlns,
using mcasurc(l anlcnna gain patterns for power calculations,
and inccrrporati  ng cxpcc.tcd errors in both mcasurcmcnts and
tllc n)odcl func{ion.  Wc have sinlula(cd (1]c ftigbl of NSCA’I’
over 39 high resolution (1” x 1”) liCMWli  wind fields
resulting in 546 orbits worth of CJo data using, SupcrSim.
l“hc lKMWI? wind fields have a time resolution of six hours
and Ihc 39 wind fields used were sclcctcd from data acquired
bc[wccn IJcccmbcr 26, 1991 and Scptcmbcr 30, 1992 so that
tllc sc.tc.ctcd fields were spaced approximately a week apar(.
IJol-  each wind field, 14 orbits of NSCAI’ were simulated,
producing about 23.5 hours worth  of O“ data for cacb wind
fictd. I’hc O“ data was then proccsscd  into wind vector
ambiguities using NSCA’I’  scicncc data processing soflwarc.

lNtROR l}liCORIUH .A’I’1ON

l’hc median frltcring tcchniquc tends to crcatc clunlps of
incorrc.ctly sc.lcctcd vectors bccausc  it favors the local
dire.ction as spccificd by the neighboring sclcctcd vectors.
I’bus, if a majority  of the sclcctcd wind vectors in the median
frltc.r window arc pointing in the wrong direction, tbc median
frltcr  will tend to align the central vector with these incon CC(
vectors crcaling  a cluster of errors. Median filtering is
generally succcssfu]  if tbc. skill of tbc initializ.cd wind field (in
our case, the first skill) is high and tbc erroneous vectors arc
randomly distribulccl. It is cxpcctcd, however, that errors in
the first ranked vector wind field for NSCAI’  will not bc
randomly distributed. la generating our Simulated data, WC.
have made smnc assumptions about crl or correlation. Model

function errors were correlated within 50 km by 50 km
I cgions, while rcccivcr cr rors were corrctatcd along the entire
bc.am for 50 km in the along track direct ion.  These
cor[cta[ion assumptions produced a clustering effect in the
first ranked vectors.

I’hc c)bjcctivc  of the crmr  dccorrclation  plus nlcdian
fi!tcring algorithm,  as the narnc  Suggests ,  iS to break LIp
clutnps of crlors in the initial first rankccl wind field. I’o
dccon c.late the c.rmrs,  a pair flip operation is applied to the
initial wind flcld prior to median filtering. The pair flip
o~)cration flips the directions of two wind vector cells by
approximately 180 dcgrccs  if they satisfy tbc following three
crilcria: (1) the two wind vector CCIIS arc adjacent to each
other; (2) the first ranked vectors of the two CCIIS arc
approximatcl y opposite in direction; (3) ncilhcr  vector has
previously been pair ftippcd.  Wc assunlc that two adjacent
wind vector CC1l S arc unlikely to have nearly opposite wind
dircctioas. Thus, onc of the two CCIIS is probaMy wrong, and
the crthcr is corlcct. By flipping the dircc[ions of both CCIIS,
the location of [hc incorrect selection is moved (hopefully
away from neighboring incorrect vectors) but the number of
incorrcc[ly  selc.ctcd vectors remains the sarnc. This has the
cffc.c[ of rcdistributirrg  errors  in the first rankd  wind vectors
without degrading tbc ovcratl first ranked skill. Once the pair
flip opcraticrn has been applied, standard lnc.dian filtc.ring  is
Clnployui

IJip,.  I shows a skill density comparison of error
rlc.co] lclation  plus median filtering (lil~+ Ml;) and n~cdian
filtering (hfl:). I’hc avcra~c  skill incrcascs  from 87.6% for
median filtc.rin~ alone [o 89.29h  when error dccorrclation  is
applicii. I’bc. actual pc~ fomancc  improvement will depend on
llIc. natu~c of crl or ccm c.lation in acwal NSCAT  data.

SKil.I/  GLJ1l)liI)  MI;I)lAN I’11.’l”1iR1NG

I’hc median filtering (CChlliCplC  applied to NSCAI’ data
involves initializing  the solution wind fictd with the first
rankc.d ambiguities from each wind vector CCII  and applying
(hc median filter to the entire wind field. A problcrn  with
ttlis approach is that all regions of the wind field arc allowed
to inftucncc  the median fillcring Jmccss  cquatly. ldcally, wc
want to begin the median filtering process in areas where wc
cxpcc( to have a Iargc nurnbcr of corrc.ctly sclcztccl vectors.
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As crrrrcctly disambiguatcd areas “grow” via median filtering,
[hey would inftucncc ncighhoring areas. This is the basic
concept behind Skill Guided Median l~iltcring (SGMl~).

(Jsing the simulatcct NSCAI’  data, wc have found that the
following parameters affect the skill of the first ranked vector:
the spcc.d of Ibc firs( ranked vccfor, (I1c dircc(ion  of the first
rankcct vector relative to the antcnrra beams, and the cross
track distance (incidcncc  angle) of a wind vcclor  cell. l’hc
first skill was calculated as a function of these parameters and
arc plotlcd, in an average sense, in l;ig. 2,

In t}lc S(iMl;  algorithm, this first skill information is used
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m guide the mcctian filtering process via sclcctivc  filtering and
weighting. ~’hc algorithm slcps arc as fo]!ows:  (1) ]nilializc
the wind field with the first ranked vectors (as in standard
rncdian  filleting); (2) Calcutalc  an cxpcctcd  skill for cacll wind
vector CCII based on (hc empirical ski)l fuaction; (3) Calcula!c
an avc.rage, or local, skill for c.ach NxN rc,gion, where NxN is
the siz.c of (}]c rncdian filter to bc applic.d; (4) Apply (hc
Inc.ctian  filter (wcightc.d  by the cxpcc.hxl skill) only to wind
vcc(or CC.l IS which have a local skill above some thrcsho]d,
Iixc.ludc third and fourth ranked vectors from being sclcctcct;
(5) Repeat sIcp 4 multiple times while. reducing the local
skill thrcsho]d until all wind vector CCIIS have been flltcrcd;
(6) Apply the median filter (weighted by the cxpcctcd skill) to
all wind vector CCIIS  and allow !hird and fourth ranked vectors
to hc. sclcctcd; (’/) Repeat s[cp 6 until the. rctricvcd wind field
convc.rgcs.

I’hc SGMI; algorithm incrcascs the average skill from
t17.6%J for mcctian filtering alone to 89.6%. A plot of llIC
skill densities for mc.dian filtering and SCIMI; is shown in
l;i~. 3.

SUMMARY

Standard median filtering has proven to bc a robus(
approach to alnbiguity removal. }Iowcvcr, algorithms  SucII
as IiI)+ Mli and SCJM1~ can bc used in conjunction with
mcctian filtcrinS to improve its performance..
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